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Amercian licorice is a herbaceous, perennial., 
native legume common to disturbed areas, draws, woods, and 
depressions in prairies and pastures over much of 
temperate North America. It is utilized by livestock in 
the Great Plains and produces nutritious and highly 
digestible forage. However, forage value or use reports 
for this species have been inconsistent. Reports ranged 
from "relished by livestock" to "withstands excessive use" 
.depending on location of utilization and author cited. 
gl�£���b!�� contains tanni� acid and palatability of some 
forage legumes has been influenced by their tannic acid 
content. 
Severe natu�al infections of rust were noted in a 
licorice ecotype nursery in June 1984 at Brookings, South 
Dakota. Severe infections normally induce leaf loss and 
create a subsequent reduction in forage quality. 
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Our objectives in undertaking this ultrastructural 
examination of g� !�2ig21! and its associated rust 
pathogen Y� g!�£�r�bi�! � were to study the fine structure 
of the host-pathogen interaction and to examine the 
pathogen and its legume host for unique cell types, 
cellular organelles, and other cellular inclusions, such 
as tannin. 
Rust-infected leaves were collected in June, fixed 
in glutaraldehyde and osmic acid, dehydrated, and then 
embedded in epoxy plastic. Polymerized epoxy blocks were 
sectioned with an ultramicrotome. Sections were mounted 
on copper grids, stained with uranyl acetate and lead 
citrate, and subsequently viewed with the transmission. 
elecron microscope. 
·Electron micrographs of rust hyphae in 
intercellular spaces of host vascular parenchyma and 
mesophyll cells elucidated the development of Y� 
The typical dikaryotic nuclear condition 
and fungal organelles were observed in intercellular 
hypha. Intercellular ·hyphae formed haustoria! mother 
cells that penetr�ted host cell walls and formed 
· dikaryotic intracellul ar haustoria. Haustoria were 
surrounded by extrahaustorial sheaths which delimited 
intimate contact of hausto�ia to host cytoplasm. 
Micrographs of intact host mesophyll cells showed 
lens-shaped chloroplasts with short grana stacks, nuclei, 
nucleoli, mitochondria, and •icrobodies. Vascular 
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parenchyma cells contained numerous small vacuoles, 
mitochondria, dictyosomes, chloroplasts, and invaginations 
of cellular plasmalemmas. Two types of specialized 
parenchy•a cells were also observed for the first time in 
g!�£�rrhi��· A-type transfer cells, which specialize in 
short distance solute transport, were located in minor 
leaf veins. Tannin cells, which package and store 
tannins, were found in leaf mesophyll cells. 
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INTROD UCTION 
American licorice (2!�£�r rbi�� !�2igQ1� Pursh) is a 
native perennial legume common t o  disturbed areas, draws, 
woods, and depressions in prairies and pastures over much 
of temperat e  North America (Duke, 198 1 ) . Forage value 
reports for this species have been inconsistent. Weaver 
( 1954 ) and Johnson and Nichols · ( 1982 ) stat ed that it is 
relished by livestock in the Great Plains, and may be 
excluded in heavily grazed areas. Johnson and Nich ols 
( 1982 ) reported that £urther west it withstands excessive 
use and Allen and Allen ( 198 1 )  describe it as having low 
palatability as a forage. Fransen and Boe ( 198 1 )  found !n 
!i�r� dry matter disappearance (IVDMD )  of g� !�2!gg��-
at early pod to be slightly greater than alfalfa at late 
bud. 
Allen and Allen ( 1981 ) and Duke ( 1981 ) recognized 
g� !�Ei42�� for its good soil binding characteristics and 
vigorous rhizomatous growth habit.· Rhizome characteristic 
studies of 9 South Dakota ecotypes indicated that g� 
!�E!42�� has tremendous vegetative reproduction 
potential (Boe an� Wynia, 1985 ) . -Whit•an ( 1979 ) reported 
that it showed exceptionally vigorous growth on mine spoil 
•aterial at Dickinson, North Dakota, and was one of the 
best native forbs he evaluated for providing dense cover 
on that substrate. 
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While native legumes offer tremendous potential f�r 
enhancing the productivity of pastures and rangelands 
where introduced species are not adapted or desired 
(Davis, 1982 ) ,  there are some inherent difficulties which 
native species must overcom�. Many native plants have 
unique disease, insect, and antiquality problems which have 
never been addressed. In the case of g� !�2i�g!�, the 
following fungi_ are known pathogens: ��!!n��Q�22�iY� 
!!r£r��b!���. B�r!i2b� 22!rs2n!, Mi£�2!2b���� g!ffy��' 
§�2!2I!� s!r£���b!���' and YI2�r£�� g!�£r�rh!!�� (D�ke, 
1981 ) . In addition to these disease-causing organisms a 
seed beetle, �£��1bQ!£�!ig� !  fr�1�r£Y!Y!, reduces viable 
seed production and the foliage is known to contain tannic 
acid (Duke, 1981 ) . A high percentage of chlorophyll 
deficient seedlings were also observed in certain ecotypes 
(Wynia �t al., 198 1 ) . 
The life cycle of YrQ��£�! g!�£�rrb!��� (licorice 
leaf rust) may be ter•ed •acrocyclic or demicyclic depend­
ing on the presence or absence of urediospores (Cummins, · 
1978 ) . Macrocyclic species pr oduce repetitive infections 
via urediospores and demicyclic species delete the uredial 
stage from an oth�r�ise •acrocyclic form (Petersen, 1974 ) . 
Cuaains ( 1978 ) stated that uredia were uncertain and not 
distinguishable fro• aecia if systeaic in Y� g!�£�rrb!���· 
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Y� g!�£�rrh!!�� i s  an aut o e c i ous r us t , thus r e s t ri c tin g a l l  
i ts s p o r e  s t ag e s  t og� !�2!�21� ( C ummins , 1978} . 
A gene r a l ize d life cyc l e  o f  r us t  a s  p r e s en t e d by 
A g r i o s ( 1969} was u ti lized sin c e  s o  v e r y  l i t t l e is k n own 
ab o u t  t he life cyc l e  o f  Y� g!�£!rrbi���· The hap l oid 
m o n o k a r y o t i c  s t age is u s u a l ly i ni ti a t e d  by b asidi o s p o r e  
ge rmin a ti o n  and ho s t  p e n e t r a t i on i n  t he s p r i n g  (P e t e rs en , 
1974) . I n fec t i ous hap l o id hypha qui c k l y  e x p an ds in t o  a 
n e two rk o f  in t e r c e l l u l � r myce l i um , wh i c h p r oduc e s  
s p e ra o g o n i a  � f  t w o  di s t i n c t  mati n g  t yp e s . Dikaryo tiza t i on 
us ua l l y  t ak es p l a c e  b y  nuc l e a r  fusion b e t w e e n  a s p e rma t i um 
o f  o n e  m a ti n g  t yp e  an d a r e c ep t i v e  hypha o f  t he 
s p e rao g o n i um o f  t he o p p o si t e  mati n g  t yp e . Res u l tin g 
dik a ry o ti c  hyphae p ro l i fe r at e in t o  a •yc e lium dis ti n c t  
f r om e i t he r  p a r en t , a n d  p r o duce aeci a l  so ri c o n t ainin g 
aeci o s p o r e s . A e c i o s p o r e s  g e r• i n a t e  i n t o a d ik a r y o ti c  
hypha wh i c h usua l l y p ene t r a t es t he hos t  v i a  s t oma t a l  
o p e n i n gs ,  f o rm i n g  a d ik a ry o ti c  myc e l i um whi c h  e v e n t ua l l y  
p r o du c e s  u r e d i a l  s o ri an d u r e d i o s p o r es. U r e d i osp o r es are 
a l s o  d ik a ry o ti c  an d s� r v e  t o  r ein fe c t  h o st plan t s . 
A e ci o s p o r e s  an d u r e d i o s p o r es , i n  s ome s p e c i e s a r e  
•o r p h o l o gi c a lly si• i l a r an d v e ry di ffi cu l t  t o  
d i ff e ren tia t e  ( P e t e r s e n , 1974) . L a t e r  in t h e  s e a s o n , 
u r ed i a  p r o du c e  t e li o s p o r e s  a l on g  w i t h u r e di o s p o r es . 
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T e l i ospo r es a r e  usua l l y th i ck-wa l l e d  an d s e r v e as 
o v e rw i n t e r i n g  st ruc t u r es .  I t  is w i th i n  th e t e li o s p o r e  
t ha t  fus i o n  o f  the t w o  nuc l e i  o c c urs , r es u l t i n g  i n  t he 
d i p l o i d  s t age o f  t he l i fe cyc l e . T e l i os p o r e s ge rm i n a t e  
i n t o  a sho r t  t ub e , t h e  p r omyc e l i ua ,  i n t o  w hich t he d i p l oid 
n u c l eus m i g r a t es an d un d e r g o e s  me i os i s . The four daugh t e r  
n u c l e i  a r e  separ a t e d b y  c r oss-w a l ls a n d  o n  e a c h  b asid i a l  
c e l l a s t e r i gma i s  f o rmed , s u rmoun t e d b y  a b as i d i o s p o r e . 
Bas i d i osp o r es fo rme d are o f  two d is t i n c t  mating t ype s. 
Janzen (1969) � e p o r t e d that s e e d  b e e t l es piey o n  
n um e r o us w i l d  an d c u l tiv a t e d l e gumes and B ak e r  ( 1895) 
ob s e rv e d  h e avy i n fe s t a t i on s  b y  !£!B!h2�£� !!g�! f�!1��£Y!Y! 
( Ho rn) o n  G. !�2!g2!! n e ar F t . C o l l i ns ,  C o l o r ad o . Boe an d 
Wyn i a  ( 1985) r ep o r t e d A� f�!1��£Y!Y! b e e t l e  i n fes t ations on 
g� !�2!g21! s e e ds f r om 37 c o l l e c t i ons made in t he Dak o t as . 
I n fes t a t i on r a t es r an ge d  f r om 7� to 7 1� w i t h an o v e r a l l 
• e an o f  4 1� .  
Duk e ( 198 1) s t a t e d t ha t  g� !�2!gQ1! c on t ai n s  
t an n i c  a cid . T an n i ns a r e  ac e t o ge nin s , wh i c h are 
b i osyn t he t i c a l l y  c l a ss i f i e d as s e c on da r y  m e t ab o l i t e s 
( Wa l t o n , 198 3) . I n  p l an t  c e l l s , t an n i n s  o c c ur w i t hin t h e 
c e l l  w a l l ( E s au ,  1965) and • o r e  c ommo n l y  a s  i n c l us i o ns in 
c y t o p l as�ic · v acuo l e s  ( E s au ,  196 3)· . S o� e  p l an t  ce l l s may 
even s p e ci a lize in t an n i n  p r oduc t i o n ( E s au ,  1965; Swain , 
1965) . 
I n  1939, C l a r k e  e t  a l . s p e c u l a t e d t ha t  t an�in 
c on t en t  of L� !2����� !�ri£�! made th i s  l e gum e  l e ss 
p a l at ab l e due t o  i t s b i t t e r t as t e an d as t r i n ge n c y . O t h e r  
s t udies w i t h ���2�g�!� in d i c a t e d t hat t an n i n  c on t e n t  
l ow e r e d  fo r age in t ak e  b y  l i v e s t o c k  ( W i l ki n s  e t  a l . ,  
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195 3) .  D on n e l l y ( 1959) co n c l u ded t ha t  t an n i n  c o n t e n t  of 
���2�g�!� £Y���!� i n c r e as e d  w i t h  p l an t ma t u r i t y  and 
c o n c u r r en t l y  w i t h i n c r eased t emper a t u r e an d dec r e as ed 
r a i n fa l l .  I n  1946,. S t i t t  e t  a l . r e p o r t e d t ha t  t an nin 
c o n t en t  of l e av es f r om a rep l i c� t e d c l on a l  e x p e r im erit 
u t i l iz i n g ���2�g�!� £Y���!� v a rie d  s i gn i f i c an t l y  wi th soi l  
t yp e  an d b e tween c ut tin gs made a t  di ffe r e n t da t e s on t he 
s ame s o i l . 
Lev e l s  an d t yp e s  o f  t an n i n s  v a ry b e t w e e n  s p e cies 
an d b e tw e e n  d i ffe r e n t  tis s ue s  and o r gan s o f  t he s ame p l an t 
( Sw a i n , · 1965) . S t i t t  (194 3) sh owe d  a h i gh l e a f  t an nin 
c o n c en t r a t i on w i t h  gen e ti c  v a riat i o n  amo n g i nb r e d  lines o f  
L�!2����� £Y���1�· C op e  an d Mo l l  ( 1969) p r o du c e d  a l ow 
t an n i n  s t r a i n  o f  ��!2�g��� vi a i n c o r p o r at i on o f  a s imp l y  
inhe r i t ed l ow t an n i n  ch a r ac t e r. D o n n e l l y and An t horiy 
( 1970) found di ffe r e n c e s  in fo ra ge di ges t i b i li t y  b e t ween 
l ow and h i gh t an nin ·s t r a i n s  o f  ��!2�g���· A n e g a tive 
ass o c i a t i on �x i s t ed b e t ween t an n i n  c on t en t  and dry mat t e r  
diges tibi li t y ,  indi c ati n g  t ha t  a s  t an nin i n c reas ed dry 
m a t t e r  d i g e s tibi l i t y de c r eas ed .  
R e s e a r c h i n d i c a t e s that  t he rumen limi t s  t h e 
m e t ab o l i c  p o t e n ti a l  o f  t he anima l  w i t h r e s p e c t t o  
quan t i t a t i v e  and qua li t a tive amino a cid s up p l y  ( M c Do n a ld , 
1968) . M c D on a l d  ( 1948) s howe d  t hat s om e  p r o t eins a r e  
r e ad i l y  d e g r aded b y  r umen mic r o o r ganisms t o  ammoni a  and 
t h e n  e x c r e t e d as u r e a . P r o t e o l ys i s  and e x c r e t i on o f  
d i e t a r y  p r o t eins c an b e  dec r e as e d  b y  p r o t e c ti n g  t he 
p r o t ei n  f r om mic r ob i a l  degr adat i on . Tann i n s  a r e  
p o l yp h e n o l i c c ompounds_whi ch hav e s t r o n g  p r o t e i n-b i n din g. 
p r o p e r t i e s  ( Wa l t on , 198 3). D ri e g e r  an d H a t f i e l d  ( 1972) 
c o n duc t e d  a s t udy t o  � n v e s t i g a t e  t he ex t e n t  o f  di ges tion 
of t an ni n- t r e a t e d  s o yb e an m e a l  and t h e  sub s equ e n t  e f fe c t  
o f  t he me a l  o n  l amb ni t r o g en b a l an c e . The y fo und t hat 
av e r age d a i l y gain , feed effi ci e n c y , and ni t r o g e n  b a l an c e  
w e re a l· l i n c r eas e d  i n  l amb s fed s oyb e a n  m e a l  t r e a t e d  wi t h  
10� t a r a  t an n i n . E f fi cien cy o f  n i t r o gen u ti liz a tion a l s o 
ap p e a r e d  t o  b e  enhanced b y  the t r e a t m e n t . 
M c A rthur an d M i l t i mo r e  ( 1966) p r e s e n t e d  evid e n c e· 
t ha t  indi c a t e d t ha t  b l o a t  was as s o c i a t ed wi t h  hi gh l e v e l s  
o f  18S p r o t e i n in a n umb e r  o f  l e gum e  s p e cies. S t udies o f  
18S p r o t ein indi c�t ed t ha t  the s e  s p he�i c a l ,  in s o l ub l e 
p r o t ei n s  a r e  t he ma j or fac t o r  in gen e r atin g  b l o at- c ausi n g  
s t ab l e  f o am in r umi n an t an i ma l s  ( McAr t hu r , e t  a l. , 1964). 
W� l t on ( 198 3) s t at ed that ce r t a i n  t an ni n s  a re c ap ab l e  o f  
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p r e c i pi t a ti n g  p r o t e i ns found i n  b l o a t-c a us i n g foam . Jones 
an d Lyt t l e t o n  ( 197 1) foun d that  l e gumes wh i ch d o  n o t  c aus e 
b l o a t  ge n e r a l l y  c o n t a i n  mo r e  p r o t ein p r e c i p i t a tin g t an nins 
and l e s s  so lub l e  p r o t e i n s  t han do b l o a t  i n duc i n g  l e gumes . 
O u r  ob j e c t i v es i n  unde r t akin g t his u l t r as t r uc t ur a l  
exam i n a t i on o f  g� l�2i�21! a n d  i ts ass o c i a t ed rus t 
p a t h o ge n  Y� al�£�r r�!�!� we r e  t o  s t u dy t h e  fin e  
s t r uc t ur e  o f  the h os t-pa t ho g en i n t e ra c t i on and t o  examin e  
t he p a t ho ge n  and i ts l e gume hos t fo r unique ce l l  t ypes , 
c e l l u l a r o r gan e l l e s an d o t h e r  ce l l u l ar i n c l us i o n s., s uch as 
t an nin . 
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MATE R I ALS AND ME T HO D S  
Leaves o f  g� !�2!�2�!, whi c h  we re n a t u r a l l y  
i n fe c ted b y  Y� g!�s�rrbi!!�, were c o l le c ted o n  Jun e  12 , 
1984 f r om a lic o rice ec o t ype n u r se r y  l o c a ted a t  B r o okin gs , 
S o u t h  D ak o t a .  Le aves o f  unin fec ted g� !�EiQ2!� we r e  a l s o 
c o l lec ted fo r u l t r as t ruc t u r a l  ex amin a tion . 
Le ave s  o f  b o t h  t ypes were c u t  in t o  sma l l s e c ti o n s  
( l x 5 mm) in a drop o f  2 . 5� g l u t a r a l dehyde ( GA) ,  in 0 . 1 M 
( pH 7 . 1) p o t as sium phos phate b u f fe r  p l ac e d o n  t he cov e r  o f  
a p l as ti c  pe t ri p l a te· fi l led wi t h  c r u s he d  ice . Leaf 
sec ti o n s  we re t r an s fe r red in t o  g l as s  vi a l s  c on t aining 6 m l  
o f  t he b u f fe r e d  GA , an d ke p t  i n  a n  ice ba t h  fo r 60 
min u t e s . O n e  mi l li li t e r  ( m l) o f  1� ph o s ph a te-b uffered 
o s mic aci d  ( O s O  ) w as added t o  each via l, a l l owed to s t and 
4 
f o r  60 min utes a t  3C, and t hen removed . P l an t  tis s ue 
sec tion s we r e  dehyd rated using 25� fo l l owe d by 50� co l d  
ace t one t re a t me n t s. E ach t reatme n t w a s  repe a ted t wice fo r 
15 min u te i n te r v a l s . A t  room tempe r a t ure fo ur m l  o f  2 ,  2 
- Dime t h o x y p r opane ( DMP) ( aci di fi e d  wi t h  o n e  d r o p  o f  
c o n cen t r a te d  hydr o c h lo ric acid pe r 100 m l)· was added t o  
e ach vi a l . The 4 m l  DMP was dis c a r ded and n ew add ed for 
an addi tio n a l  15 minut e s . Tis s ues we re. t h e n  s o aked fo r 
two hours i n  an ep o x y  p l as tic medium mix t u re which was 
fr equen t l y s ti r re d  ( Gardn� r , pe rs o n a l  c ommuni c a tion). 
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T i ssue se c t i o n� w e r e  t r ans f e r red i n t o  "mi c r o n " mo l ds 
c on t ai nin g f r e sh epoxy p l as t i c  me d i um .  M o l ds w e r e  
subje c t ed t o  60 C t empe r a t ure fo r 24 h o u rs i n  o r d e r  t o  
p o l ym e r iz e  the epoxy p l ast i c . B l o ck s  w e r e  t r i mme d  
man ua l l y  p r i o r  t o  th i n  se c t i o n i n g  w i th a P o r t e r-B l um MT-2 
u l t r am i c r o t om e . · Thin s e c tion s we r e  c u t  u t i l iz i n g  ei th er a 
g l ass o r  a d i amon d kni f e . Th i n  s e c t i o n s  w e r e  moun t ed on 
200 m esh c op p e r  · g r i ds .  Moun t ed s e c ti o n s w e r e  s t a i n ed in 
2� u r a n y l  a c e t a t e  (2 hours) , r i ns e d  in g l as s  dis t i l.l e d 
w a t e r , and s t a i n e d  i� l ead c i t r a t e ( 1  m i n u t e) .  S t a i n e d  
s e c t i o n s  w e r e  v i ew e d  w i t h  an H i t ach i HU-12 t r ansmi s s i o n 
e l e c t r o n  m i c r os c o p e  ope r a t e d  a t  75 KV. 
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R E SULTS AND D I SC US S I O N  
U l t r as t ru c t u r e  o f  g !�£�rrb!�� !�E!gQ1�· 
E x am i n at i on o f  e l e c t r o�-m i c r o gr aph s o f  g !�£�rrh!�� 
c e l l s r ev ea l ed s ome u l t r as t r uc tura l l y i mp o r t an t  
char a c t e r i s i t i c s o f  t h i s p l an t  ( F i g s .  l ,  2 ,  3 ,  4 ,  5 ,  6, 7 ,  
8, 9, 10, an d 1 1) . - F i gu r e s  1 an d 2 s how m e s ophy l l 
c e l l s c on t a i n i n g  l ar g e  c·e n t r a l  v ac u o l e s , s ev e r a l  l en s e­
s haped c h l o r o p l as t s , m i t ro chondr i a ,  nu c l e i , nuc l e o l i, an d 
m i c r ob o d i e s . E n l a r ge d- s e gm e n t s  o f  m e s ophy l l  c e l l s  ( F i gs� 
3 an d 4) a l l ow a ao r� de t a i l ed e x am i na t i on of i n d i v i dual 
�h l o rp l as t s . Ch l o r o p l as t s  a r e  b oun d by an e n v e l op e  
c o n s i s t i n g  o f  t w o  un i t  memb ranes ( H acke r ,  1970} . 
I n t e r n a l l y ,  ch l9 r o p l as t s  are made up o f  t h e  emb e dd i n g  
mat r i x  o r  s t roaa an d the i n t e r n a l  memb r a n e  s ys t em ( O' B r i en 
and McC u l l y ,  1969) . The memb r an e  s ys t em c o n s i s t s  o f  a 
n uab e r  o f  aeab ran e- r i c h s t acks , t he g r a n a, wh i c h a r e  
c o n n e c t e d  t o  o n e  an o th e r  b y  s t roma l ame l l ae {O'B r i en an d 
McCu l l y ,  1969) . Q!�£����!�� ch l o rop l as t s  hav e s ho r t  
s t acked g r an a  wh i c h are conn ec t e d b y  c o n s p i cu ous s t roma 
l am e l l ae .  S t a r ch g r ain s an d l i p i d  g l obu l e� are p r e s en t  in 
abun dan c e  i n  t he � t roma o f  c h l o r o p l a� t s  o f  many p l a n t  . 
s p e c i e s ( B s au ,  1977). Howev e r , g!�£�rrhi�� ch l o r o p l as t s  
c o n t a i n e d  v e r y l i m i t e d s t ar c h  (Fig. 17) a n d l i p i d  (Fig. 
22 ) dep o s i t s . I n  addi t i on t o  t he ch l� r o p l as t s  t he 
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en l a r geme n t s  o f fe r a more de t ai l e d vi ew o f  c y t op l asmic 
rib o s omes . R i b o s omes w e r e  ob s e rv e d  s ca t t e r e d  i n  
Q!�£���b!�� c e l l  c y t o p l as m  ( Figs . 3 and 4), an d a l s o  
uni t e d t o  f o rm p o l y rib os ome& ( Fi g . 1 1) .  
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V ac uo l es o f  many g!�£���b!�� c e l l s c o n t ai n e d  
inc l usion b o di e s  o f  a dark cir c u l a r  t o  i r r e gu l a r l y  s hap�d 
amo rphous s ub s t an c e  ( Figs . 1, 2, 5, 6, 8, 9, an d 10) 
c o n sid e r e d  t o  b e  t an nin . The e x c l usiv e v ac u o l a r n a t u r e  o f  
t h e s e  d e p o si t s, wi t hin -c e l l s, a l l ow e d  dis mi s s a l  o f  t h e  
ide a t h a t  an a r ti fac t of p r e p a r a ti o n  was i n v o l v e d  r a t h e r  
t h an a n a t u r a l  c e l l u l a r phe n omen on . T an ni n  in c l usi o n s  
wi t hin t h e  v ac uo l e s o f  o t he r  p l an t  s p e ci e s  have b e e n  
ob s e rv e d  u ti l iz i n g  t he e l e c t r on m i c r o s c op e  ( C ha f e  and 
D u rzan, 1973; P a r ham and K aus tin en, 1977) . P a r ham and 
Kaus tin�n ( 1977) hyp o t hesized t ha t  min u t e t an ni n  fi l l ed 
vacuo l es a ris e f r oa the endop l asmic r e tic u l um . The s e  
min u t e  v ac u o l e s en l a r ge an d fus e t o  f o rm l ar g e r  vacuo l es 
whi l e  movin g t oward t he c en t r a l  v a c u o l e  o f  t he c e l l  whe re 
t h e y  u l t ima t e l y  deposi t  t heir c on t en t s . T hi s  appears t o  b e  
t he c as e  in g!X£%��b!!� as we l l .  Figure 2· s h ows s e v e r al 
sma l l  v ac u o l es c o� t ainin g i n c l u si o n s  l o c at e d  wi t hin t he 
c y t o p l as m  o f  t he l e a f mes ophy l l c e l l  an d a l a r g e r  t annin 
i n c l usion in t he c e l l s c en t r a l  v ac u o l e . F o rm an d 
dim e n sion o f  t an nin in c l usions w e r e  v a ri ab l e . Size v a ried 
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f r om tin y  e l e c t r o n  dense b o di e s  i n  s ma l l  v ac uo l e s t o  
depo s i ts wh i ch o c c upi ed t he maj o r  p o r ti o n  o f  th e c en t r a l  
v acuo l e  o f  a c e l l  ( F i gs . 5 a n d  6) . Such c e l l s may b e  
s p e c i a lize d  i n  the p r oduc t i on o f  t an n i n  ( E s au ,  1965) . 
To t a l  o c c l us i o n o f  the s e  c e l l s r e s u l t e d f r om mas siv e 
t an n i n  d e p o s i t s  i n  the cen t r a l  v acu o l e  o f  hi gh l y  
v acuo l a t e d  c e l ls ( F i g . 6) . The h i gh l y  v a c uo l a t e d 
cy t op l asm wh i ch does ex i s t  i n  th ese c e l ls i s  c omp r e s s e d 
b e tw e e n  the v ac uo l a r t o nop l as t  an d th e p l as ma l emm a n e x t  t o  
the c e l l  w a l l . M i t o chon dr i a  a r e  th e m a j o r  c e l l u l a r 
o r gane l l es obs e r v e d  wi t h i n  t he c y t op l asm . 
The me t ab o lis• o f  c arb ohydr a t e s  a n d  t an n i n s  is 
i n t e r r e l a t e d , and depos i t i o n o f  s t a r ch an d t an nin s may be 
•u t u a l l y  e x c l us i v e  w i th i n  the ce l l  ( E s au, 1965) . Wardrop 
and C r o n sh aw ( 1962) s t a t e d that c e l l s co n t a i n i n g  l a rge 
quan ti ti e s  o f  phen o l i c  s ub s t an c es c on t a i n  few o r  n o  s t ar ch 
g r a i ns .  U l t r ast ruc t u r a l  ev i de n c e  c o n c e r ni n g  t h e pauci t y  
o f  s t a r ch g r a i n s  w i t h i n  t h e  ch l o r op l as t s  o f  g!�£�r�b!�� 
c e l l s a n d  t he l a r ge a•o un t o f  t an nin l o c a t e d  w i t hin 
vacuo l e s , s upp o r t s  t he s ugges t e d i n t e r r e l a tion s hip b e tween· 
t an n i ns a n d  s t a r c h . 
T a n nin p r oduc t i on b y  g� !�2!�21! may a c c oun t for 
s ome o f  t he i n c on s i s t en c i e s in r e p o r t e d fo r age v a l ue s  of 
th i s  s p e c i e s . The r e  •ay be i n s t an c es of e c o t ypi c 
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v a r i �b i l i t y i n  t an n i n  p r oduc t i o n l e ve l s  d e p e n d i n g  on s o i l  
t yp e , w e a th e r  c o n d i t i on s , an d m a t u r i t y  o f  t h e  p l an t . 
S i n c e  g� !��!g�!� has s uch a b r oad e c o l o g i c a l  amp l i t u de 
t h e r e  aay be opp o r t un i t i e s to s e l e c t  an e c o t yp e  wh i ch has 
l ow t an n i n  p r oduc t i on .  H owe v e r , e c o t yp e s  w i t h h i gh t an n i n  
p r oduc t i on may a l s o  b e  us e fu l  a s  a h i gh p r o t e i n  r oughage 
to r e duc e the i n c i dence o f  b l o a t  or to p r e v e n t  p r o t e o l y s i s  
i n  t h e  r um e n . 
F i gu r e s  7 - 1 1-a r e  t yp i ca l  c e l l  t yp es l o c a t e d  i n  
t he v as c u l a r t i s s ue o f  g� !�2!Q�!�· A v as c u�ar p a r e n c h yma 
c e l l  de p i c t e d in F i gure 7 i n c l udes n ume r o us sma l l e r  
v acuo l e s  i n s t e ad o f  a l a r ge c en t r a l  v a c u o l e  c ommon l y  s e en 
in  •e s o phy l l c e l l s . O t h e r  ce l l u l a r c o n t e n t s  i n c l ude a 
·• i t o c h o n d r i on ,  d i c t yo s ome , ch l o r op l as t , a n d  t h r e e  
i n v ag iri a t i o n s  o f  t he c e l l s p l asma le••a . I n v ag i n a t i on s  o f  
p l asma l emma , wh i ch o f t en f o rm p o ck e t s  bet w ee n  c e l l wal l 
an d c y t o p l asm ,  a r e  f r equen t l y ob s e rve d  i n  ma t e r i a l  
p r e p ar ed f o r e l ec t r on • i c r o s c op y  ( E s au ,  1977) . The 
f r equen t p r e se n c e  of t ub u l e s and v e s i c l es in s u ch pocke t s  
has l e d  r e s e a r che r s  t o  b e l i ev e  t ha t  t h e  p o�k e t s  � r e  
fu n c t i on a l  o r gane l l e s  c o n c e r ned w i t h  c e l l  w a l l  g r ow t h- and 
o t h e r  r e l at i on s  b e t w e e n  t he c e l l w a l l and c y t op l asm ( E s au ,  
1977) . I n v a g i n a t i o n p o cke t s  ob s e r v e d  i n  g� !�2!Q�!� a l s o  
c o n t a i n  ves i c l e s a s  des c r i b e d b y  E s au .  
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F i gu r e s_ 8 ,  9 ,  an d 10 dea l p r imar i l y w i t h xy l em 
c e l l s an d t he x y l em p a r e n chyma c e l l s wh i c h s u r r ound them . 
F i gures 8 and 9 dep i c t  aat u re xy l em t r ache ary e l emen t s  and 
d i f f e r en t i a t i n g  t r acheary e l emen t s . The d i f f e r en t i a t i n g  
t r ache a r y  e l emen t s  c o n t a i n  a i t oc h o n d r i a , d i c t y os omes , and 
endop l asm i c  r e t i cu l um w i t h i n  t he i r  cyt o p l as m . Th i s  s t a ge 
of dev e l o pmen t i n  t he t r acheary e l em e n t  is charac t e r ized 
b y  s ec o n d a r y  w a l l depos i t i on .  P i c k e t t- H e ap s  ( 1968 ) 
i n d i c a t e d  t ha t  e n d o p l asm i c  r e t i c u l um and d i c t yos omes a r e  
as s o c i a t e d  w i th i n c o� p o r a t i on o f  m a t e r i a l  i n t o  t he c e l l 
w a l l, p os s i b l y by mean s  o f  v e s i c l e s  t ha t  a o v e  t oward the 
c e l l  p e r i ph e ry , un i t e  w i t h  t h e  p l asma l emm a , an d r e l e a s e 
the i r  c on t e n t s  t oward the deve l o p i n g c e l l  wa l l. Af�er 
-comp l e t i on o f  s ec on d ary wa l l  dep o s i t i on ,  the c e l l  en t e r s  a 
l ys i s  s· t ag e  i n  wh i c h t he p r o t o p l as t and p a r t s  o f  t he 
p r imary c e l l  wa l l  a r e  d i ge s t e d v i a  hydr o l yt i c  e nzyme 
ac t i v i t y ( E s au, 1977). Hydro l as e s a r e  r e l e as e d in t o  t he 
c y t o p l asm f r o• �up t ured t on o p l as t s  an d ev e n t ua l l y  d i ge s t · 
p r iaary w a l l  p ar t s  n o t  c o v e r e d  b y  l i gn i f i e d s e c o n dary wa l l  
l ay e r s  ( E s au ,  1977) . · r i gu r e  10 s e rves a s  an ex amp l e  o f  
t wo ma t u r e  xy l em � r acheary e l emen t s  i �  wh i ch the 
hydro l y t ic s t a ge has b e en c o•p l e t e d and. the p r imary ce l l  
.wa l l  b e tw e e n  t he• has b e e n at l e as t p a r t i a l l y  di ge s t ed. 
A c r o s s  s e c t i on o f  a t r an sf e r  c e l l  i s  d i s p l ayed i n  
·F i gu r e  11 . Gunn i n g , e t  al. (1968 ) w e r e  am o n g  t he fir� t t o  
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des c r i b e  i n  d e t a i l t r ans fer c e l l s  l oc a t e d  i n  m i n o r  ve i n s  
o f  l e av e s . Gun n i n g  an d P a t e ( 1969) des c r ib e d t ran s fe r  
c e l l s as t ho s e  p l an t  c e l l s pos s e s s i n g  i n g r o w t hs o f  wa l l  
mat e r i a l s  w h i c h i n c r e as es t he s u r f a c e  a r e a  o f  p l asma 
memb r a n e  av a i l ab l e for t r ansmeab r an e  f l ux of s o l u t es .  Th e 
i n g r ow t hs a r e  a s p e c i a l iz e d  f o rm o f  s e c on d a r y  w a ll 
d e p o s i t i on ( Gunn i n g , 1977) . F o rma t i o n  o f  t h e  s e c o ndary 
w a l l app a r a t u s  app e a r s  to be i n du c i b l e  an d m o s t p l an t s  may 
hav e t he gen e t i c  c omp e t en c e  to p r o duc e t r ans fer c e l. ls as· 
t he r equ i r emen t f o r  s h o r t  d i s t an c e  s o l u t e  t r an s p o r t  
c h an ges ( Gun n i n g ,  1977) . T he imp l i c a t i on i s  t ha t  fam i l i a r 
c e l l  t y p e s  s uc h  as xy l em p a r e n c hyma , p h l oem p a r e n c hyma , 
and compan i o n  c ells can hav e a c ommo n  s p e c i a l iz a t i o n 
r e l at ed t o  s ho r t-d i s t an c e  t r an s p o r t  p r o c e s s es ( Gun n i n g  and 
P a t e , 1974) . 
A s  m i n o r  v e i n s  i n  m o r e  s p e c i es w e r e  e x am i n e d  the 
t ax o n om i c  d i s t r ib u t i o n o f  t r an s fe r  c e l l s b e c ame c l e arer 
( P a t e a n d  Gun n i n g , 1969 ) . In t he i r  s ur v e y  o f  m i n o r  v e i n s  
o f  m a t u r e  l e a v e s  of 975 s p e c i e s a n d  242 fam i l i e s o f  
an g i o s p e rms, P a t e and-Gun n i n g  ( 1969 ) i nd i cat e d  t ha t  
t r an s fe r  c e l l s a r e  fai r l y  comm on i n  h e rb ac e o us 
d i c o t y l e d o n s , r a r e  i n  w o o dy d i c o t y l ed o ns , and v i r t ua l l y 
ab s e n t  i n  mo n o co t y l edo ns. I n  the l�2�£���' 90 o f  482 
gen e r a  r e p r e s en t i n g 34 of 50 t r i b e s  we r e  e x am i n e d . More 
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t han· ha l f  o f  t he g e n e r a c o n t a i n e d  t r an s f e r  c e l l s o f  which 
mo s t  w e r e  h e r b s  ( P a t e  an d Gunn i n g ,  1969 ) . 
T r an s fer c e l l s o f  four t yp e s  we r e  r e c o gn ized in 
m i n o r  l e a f  v e i n s  of p l an t s  ( P a t e  an d Gunn i n g , 1969 ) . A­
t y p e  t r an s f e r  c e l l s  co n t a i n  i n grow t hs d i s t r i b u t ed a l l  
aroun d  t he i r  p e r i phery , wh i l e  B- t y p e  c e l l s have i n grow t hs 
p o l a r iz e d  o n  o n e  s i de o r  an o t h e r  ( Gunn i n g  an d P a t e , 1969). 
The s e  t w o  t y p e s  o c cu r  ma i n l y i n  t h e  p h l o em . Typ e C and D 
t r an s f e r  c e l l s  o c c u r  i n  Xy l em p a r e n ch ym a  a n d  b un d l e. she ath 
r e s p e c t i v e l y , and hav� i n g r ow th s  o n  w a l l s  c l o s e  t o  v es s e l s  
o r  t r ac he i ds ( Gun n i n g  and P a t e , 1969) . 
F i gu r e  11 i s  a c r o s s  s e c t i on o f  an A- t yp e  t r an s f e r  
c e l l l o c a t ed w i th i n  t he v as c u l ar s ys t em o f  g� !�2igQ��· 
W a l l p r o t r ub e r a n c e s  on o n e  s i de o f  t h e  c e l l  a r e  at t ached 
ou t o f  t h e  p l an e  o f  s e c t i on i n g ,  b u t  p a r t  o f  t he i n grow t h s  
a r e  v i s i b l e  i n  th i s  p l an e . C y t o p l asm wi t h i n  t h e c e l l  i s  
de n s e ,  w i t h n um e r ous • i t o c hondr i a  an d r i b o s om e s  
t h roughou t . The r e  a r e  a l s o  four c h l o r o p l as t s  n e a r  t he 
c en t e r  o f  the c ell . Gunn�n g ( 1977 ) s p e c u l a t ed th a t  
o r ga n e l l es s uc h  as m i t o ch ond r i a  and ch l o r op l as t s  p r ov ided 
e n e r gy f o r  ac t i v e  _ t r an s p o r t  o f  s olut e� ac r o s s  the e nl� r g ed 
p l asma memb r an e . 
C e l l ul a r  u l t ras t ruc t u r e  o f  g !���r��i�� p r ov ided n ew 
i n f o rmatio n c o n c e r n i n g it s an a t o•y and p o t e n ti a l  fo r age va l ue . 
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An a t om i c a l l y , l e a f  aes ophy l l c e l l s and v as cu l a r  c e l l s 
ob s er v e d  w e r e  v e ry s i m i l ar t o  t hos e found i n  o t h e r  
d i co t y l e d o n ous p l a n t s  ( E s au, 1965; E s au , 1977) . However , 
t he c h l o r op l as t s  e x h i b i t e d �h o r t  s t a cke d g r an a  and l im i t e d 
s t a r c h  an d l i p i d  a c cumu l a t i o n . Two c e l l  t yp e s  p r e v i o us l y 
u n k n own i n  g !�£�rrhi!� w e r e  t ran s f e r  and t an n i n  c e l l s. 
B o t h  c e l l  t yp e s  a r e  con s i de r ed t o  b e  p a r e n c hyma c e l l s w i t h  
fun c t i on s  wh i c h a r e  i n duc ib l e  o r  s omewh a t  p l as t i c i n  
n a t ur e . T r an s fe r  c e l l s  hav e t h e  g en e t i c  c omp e t e n c e. t o  
p r o du c e  c e l l  w a l l i n grow t hs wh i c h i n c r e a s e s  p l a sma l emma 
a r e a  and f ac i l i t at e s rap i d  sho r t  d i s t an c e  s o l ut e  
t r a n s p o r t . T ann i n  ce l l s p a c kage and s t o r e  l a r g e  amoun t s  
o f  t an n i n  w i t h i n  c e l l u l ar v acuo l e s . The s e  t an n i n  cel l s  
•ay a c c o u n t fo r i n c o ns i s t e n c i es i n  r e po r t e d  fo r a g e  v a lues 
fo r 2!�£�rrh!!� d e p en d i n g  o n  gen o t yp e  an d m a t u r i t y o f  t he 
p l an t , an d c l i m a t e  an d s o i l t yp e  o n  wh i ch i t  was gr own. 
F u t u r e  res e a rch o n  Q!�s���b!�� s ho u l d  i n v o l v e 
chem i c a l  i s o l a t i o n o f  t an n i n  and e v a l ua t i o n o f  d iv e r s e  
e c o t yp e s  f o r  g en o t yp i c  d i ffe r e n c e s  i n  t an n i n  p r oduc t i on . 
A p o s s i b l e s e l e c t i on $cheme c o u l d  i n vo l ve b o t h  h i gh an d 
l ow t an n i n  p r o du c�n g e c o t yp e s . The l�w t an n i n-p r o duc i n g 
e c o t y p e s  . c o u l d  b e  u t i l ized as a h i gh p r o t e i n  g r az i n g  t ype 
2!�£���bi�� · The h i gh t an n i n  p r o du c i n g  e c o t yp e s  c ou l d  b e  
u t i l ized a s  a h i gh p ro t e i n  r oughage t o  r educ e  p r o t e o l y s i s  
and t he i n c i de n c e  o f  b l o at . 
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U l t r as t ruc ture o f  Yrg��£�! g!�£�!!bi!�� 
T he v e ge t a t i v e  o r  de ve l op•e n t a l  s t a g e  o f  Y� 
g!�£�!!bi!�� i s  dep i c t e d b y  the i n t e r c e l l u l a r hyp hae i n  
F i gu r e s  12 , 13, 14 , an d 15A. In t e r c e l l u l a r hyphae , a s  t he 
n ame s ug ge s t s , g r ow b e t ween hos t c e l l s . F u n g a l  c e l l  w a l l s  
a r e  m o r e  e l e c t r o n- o p aque t h an p l an t  c e l l w a l l s  an d t hus 
ap p e a r  d a r k e r  in  c r o s s  s ec t i on ( F i gs .  12 a n d  13) . An 
amo rphous out e r  l ay e r  o f  t h e  fun g a l  w a l l ( F i g .  14 ) has 
b ee n  s ug g e s t ed as hav i n g  a ro l e  in adhe s i o n of hyp ha t o  
e ac h  o t h e r  o r  t o  ho s t  c e l l s ( H a r dw i c k, e t  a l . ,  1971 ) . 
P r e s um ab l y ,  th i s  l ayer i s  s e c r e t e d  b y  the fun gus , but i s  
ques t i on ab l e i f  i t  i s  con s i de r e d  t o  b e  a n  a c t u a l  c e ll wa l l  
c o n s t i t u e n t o r  n o t  ( L i t t l e f i e l d  and H e a t h, 1979 ) . 
In t e r c e l l u l ar hyphae o f  b as i d i omyc e t e  r us t s  a r e  t yp i c a l l y 
s e p t at e ,  as  i n d i c a t e d  b y  F i gures 14 an d 15 A .  S e p t a  are 
d i v i de d  i n t o  t yp e s  b as e d on dev e l opmen t c h a r ac t e r i s t i c s 
and p r e s e n c e  o r  ab s en c e  o f  s e p t a l  p o r e s  ( L i t t l e f i e l d  an d 
H e a t h , 1979 ) . S ep t a  ob s e rved i n  Y� g!�£�r rhi�!� c onta i n e d 
n o  v i s i b l e p o r e  ap p a r a t us . Th i s  s ep tum , t e rmed a c omp l e t e  
o r  n on p e r f o r at e� t yp e� r e s emb l e s t h e  p e r f or a t e t yp e  i n  a ll. 
r e s pec t s  e x c ep t i t  co n t ains n o  p o r e  ( L i t t l e f i e l d and 
H e a t h , 1979 ) . 
In t e r c e l l u l a r hyphae c on t a i n  • i t o c h o n d r i a ,  
r i b o s om e s , v ac uo l e s , nuc l e i , an d n uc l e o li .  The c e l lu l a r  
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p l asma l emma , wh� c h  is e x t en ded and fo l d e d  in c e r t ain areas 
o f  t h e  hyp h a , f o rm s t ru c t u r e s  c a l l e d i n v a g i n at e d fun gal 
p l as aa l eam as ( F i g s . 14 and 15 A) . T his t e rm is mo r e  
des c r i p tiv e t han s ev e r a l o t he r s  wh i c h d e s c rib e t h e  s ame 
' 
c e l l u l a r p he n ome n o n  ( S hri e f ,  1984) . The o c c u r r e n c e  of 
i n v ag i n a t e d  p l asm a l emma in fun g a l  s p e c i e s is  w e l l  
d o c ume n t e d , b u t  t heir fun c tion wi t hin t h e  o r ganism is 
s t i l l  u n k n own ( S h ri e f, 1984) . Mit o chon d r i a  a r e  c ommon in 
in t e r c e l l u l a r hyphae ( Figs . 12 , 13 , 14) a n d  app e a r  as 
r oun d, ov a l , an d e l o n g a t e d  b odie s  c on t a i n i n g  i n t e r n a l  
•emb r an o us s t ruct u r es� The nuc l e a r con di ti o n  of t he 
hyp hae is d i k aryo tic ( F i g .  12) wit h  an o c c asion a l  v iew of 
a fun ga l n u c l e o l us ( Fig . 15 A) . 
Rus t s  c h a r a c t e r i s t i c a l l y  p r o du c e  "b r an ch e s" o f  
in t e r c e l l u l a r hyp hae, c a l l e d  haus t o ria ! m o t he r  c e l l s , 
wh i c h a r e  adj a c e n t t o  hos t c e l l w a l l s  ( Li t t l e f i e l d  and 
Hea t h , 1979) . Hau s t o ria! mo t h e r  c e l l s s ub s equ e n tly 
p e n e t r a t e  hos t c e l l s an d f o rm in t r ac e l l u l ar s t r u c tu r es 
k n own as haus t o ri a  ( Bus hn e l l ,  1972) . Bus hn e l l ( 1972 ) 
de f i n e d  t h e  fun g a l  haus t o r i um as a s p e ci a liz ed o rgan 
fo raed in side a l�vi n g  hos t c e l l  as a b r a n c h  o f  an 
in t e r c e l l u l ar hyp h a , which t e r•in at e s  w i t h i n  t ha t  hos t 
c e l l ,  an d wh i c h has a r o l e  in sub s t an c e  i n t e r c han ge 
b e t w e e n  h o s t  and fun gus . F i gu r es 16 , 17 , 18 , an d 19 
dep i c t  haus t o r i a! m o t he r c e l l  fo rma t i o n , h o s t c e l l 
p e n e t r a t i on , a n d  e a r l y  haus t o r i um f o rma t i o n w i t h i n  t h e 
ho s t  c e l l . · 
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A c t u a l  p e n e t r a t i on o f  t he ho s t  c e l l  b y  t h e  
p a t ho ge n  i s  p r e c e d e d  by t he de l i m i t a t i o n o f  a haus t o r i a !  
m o t he r  c e l l  f r om t he i n t e r c e l l u l ar hyp ha ( E h r l i c h  and 
Eh r l i c h , . 1971) . F i gures 16 and 17 i l l us t r a t e  a haus t o r i a! 
mo t he r  c e l l  wh i ch was f o rme d whe n  a s ep t um s ep ar at ed i t  
from t he i n t e r c e l l u l a r-hyp ha . A l a r ge i n v a g i n a t e d  . fun ga l 
p l a.s m a l emma· i s  a l s o  ev i de n t i n  t he c y t o p l a s m  o f  t h e  ' 
haus t o r i a! mo t h e r  c e l l  ( F i g .  17) . 
P e n e t r a t i on o f  t he h o s t  c e l l i s  c o n s i de r e d  t o  b e  
a n  enzyma t i c d e g r adat i o n r a t he r  t han a m e c han i c a l  pr o c e s s 
( E hr l i ch an d E hr l i ch ,  1971) . A f t e r  h o s t p en e t r at i o n ,  
e l o n gat i o n o f  t h e  haus t�r i a l n e ck an d e x p a n s i o n o f  t h e  
h aus t o r i um w i t h i n  t he h o s t  c e l l cyt o p l as m  o c cu r s . F igur e s  
18 a n d  19 dep i c t  a s u c c e s s fu l  pen e t ra t i o n an d e a r l y  
haus t o r i um f o rm a t i on w i t h i n  the hos t c e l l .  F i gu r e  18 
s hows a n u c l eus , c o n t a i n i n g  a n uc l e o lus , wh i c h mov e d  from 
t he haus t o r i a! m o t h e r· c e l l  up t he haus t o r ia !  n ec k  an d i n t o  
p a r t  o f  t he n ew haus t o r i um .  T h e  haus t o r i um a l s o c o n t a i n s  
a n u•b e r . o f  m i t ochondr i a ,- r i b o s omes , a n d  a s i n g l e  
i n v ag i n a t e d  fung a l p l as m a l emma . A n  e n l a r geme n t  o f  t he 
p en e t r a t i o n a r e a  i s  p r ov i de d  b y  F i gu r e  19 . F o rma t i o n o f  a 
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" c o l l ar " o f  hos t c e l l  wa l l mat e r i a l  a r o u n d  t he imme d i a t e  
haus t o r i a ! n e ck i n  r e s p on s e  t o  t h e  fun ga l p e n e t ra t i on i s  a 
c omm on o c c u r r e n c e  ( L i t t l e f i e l d  and H e a t h , 1979). The 
b oundary b e t w e e n  c o l l a r and c e l l  w a l l i s  n o t  d i s c e r n i b l e  
i n  t h i s  p a r t i c u l a r  pene t r a t i on . T he h o s t p l as m a  memb rane 
l i e s  a l on g  the s u r face o f  t he c o l l ar ,  haus t o r i a !  n e ck , �nd 
a r o u n d  t he b o dy of t h e  haus t o r i um .  Th i s  h o s t memb r an e  i s  
des c r i b ed a s  t he e x t r ah aus t o r i a l s h e a t h o r  m emb r a n e  ( F i gs . 
15B , 18 , 19 , 20 , a n d  21) when i t  s u r ro u n d s  a n d  de l im i t s  
t he haus t o r i a ! b ody f r om t he ho s t  c y t o p l as m  ( C o f fey , 1972; 
L i t t l e f i e l d  an d He a t h ,  1979) . The ex t r ahaus t o r i a l  she ath 
i s  s ep a r a t e d  f r om t he haus t o r i a !  b o dy b y  t he 
e x t r ahaus t o r i a l ma t rix ( F i g .  158) . The c ompos i t i o n ·and 
ev en t he ex i s t en c e  of t he ex t r ah au s t o r i a l  m at r i x  i s  a 
ma t t e r  o f  c o n t r o v e r s y  (L i t t l e f i e ld and H e a t h ,  1979) . 
L i t t l e f i e l d  an d H e a th ( 1979) have s p e cu l a t e d t ha t  t he 
•at r i x  m ay a r i s e  through l o s s  o f  t u r g o r  d u r i n g  f ixat i o n ,  
a l l ow i n g  fun g a l  w a l l s  t o  s h r i nk f r om t he e x t r ahaus t o r i a l  
s he a t h  c r e a t i n g  a n  a r t i fa c t  o f  p r e p a r a t i o n . 
Hau s t o r i a  c an-b e  f i l amen t ou s , v es icu l ar , o r  c l ub­
s hape d , a n d  aay b�anch and c o i l i n  a � a r i e t y  of ways 
(Bus hn e l l ,  1972) . F i gu r e s  15B , 20 , 21 , .an d 22 dep i c t  a 
var i e t y  o f  hau s t o r i a ! shapes and s iz e s. Ho s t  c e l l s 
con t a i n i n g  mu l t i p l e  haus t o r i a  ( F i gs . 15B a n d  2 1) may have 
25 
a u l tip l e  p en e t r a t i o n s  o r  may i n v o l v e  fo l d i n g  o f  a s i n g l e  
haus t o r i um wh i ch p r oduces a mu l t i ple h a us t o r i a! ap p e a r a n c e  
i n  the p l an e  o f  s e c t i o n i n g . C e l l u l a r c on t e n t s  o f  
haus t o r i a  a r e  v e r y  s i m i l ar t o  t he o r gan e l l es ob s e rv e d  i n  
i n t e r ce l l u l a r hyp hae . Mos t o f  t h e haus t o r i a
-hav e a numb er 
o f  m i t o c h o n d r i a  a n d  c on t a i n  •any r i b o s om e s  ( F i gs .  15B , 18 , 
19 , an d 21). F i gu r e  22 con t a i n s a s i n g l e  haus t o r i um i n  
t he n o ra a l  d i k ar yo t i c  n u c l e a r  c o n d i t i o n . 
In •os t r e s p e�t s  t he i n fe c t i o n  o f  g� !�2!g��� b y· 
Y� g!�£���bi��� i s  v e r y  s i m i l a r ul t r as t r u c t u r a l l y  t o  what 
is com•on l y  ob s e r v e d  in o t her hos t- p a t h o g e n  i n t e r ac t i ons 
of t h i s  t yp e  ( L i t t l e f i e l d  and Hea t h , 1979; H a r dw i c k , e t  
a l , 1971) . O r gan e l l es ob s e rv e d  a r e  s i m i l a r i n  s hape· , 
c omp os i t i on ,  an d l o c a t i o n t o  t ho s e rep o r t e d i n  o t he r  rus t  
p a t h o g en s . In t e r c e l l u l a r  hyphae and hau s t o r i a ,  w i t h  
r e s p ec t t o  n u c l e a r con d i t i o n , a r e  b o t h  t yp i c a l l y  
d i k aryo t i c .  �� g!�£��rh!�!� c on t a i n e d  v e ry few 
• i c r ob o d i e s  w i t h i n  i t s  c yt�p l asm an d qu i t e  a few 
i n v ag i n a t e d  fun g a l  p l asma l emmas in i n t e r ce l l u l ar hyphae ,  
h aus t o r i a! mo t he r  c e lls , and haus t o r i a .  s•p t a  ob served· 
a r e o f  the coap l e�e o r  n o n p e r f o r a t� d  t yp e , wh i c h i s  not 
t yp i c a l  o f  th e •aj o r i t y  of r us t p a t ho gen s  ( L i t t le f i e l d  and 
Heat h ,  1979). T hus , i t  i s  po s s i b l e t ha t  s ep t a l  pores do 
ex i s t w i t h i n  t he fung a l  s ep t a ,  b u t  w e r e  n o t  s e c t i on ed i n  
t he c o rre c t  p l an e  t o.b e  revea l e d . 
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Fu r t he r .m i c r os cop i c  s t ud i e s c ou l d  r e v e a l  whe t h er 
s ep t a  are p e r f o r a t e  o r  n on p e r fo r a t e  an d i f  t he p au c i t y  of 
m i c r ob o d i e s is  a t yp i c a l  s i tuat i o n fo r t h i s  fun gu s . 
Fur t he r  u l t r as t ru c tu r e  work cou l d  b e  focu s e d  o n  h o s t 
i n fe c t i on b y  var i ous Y�Q��£�� s p o r e  t yp e s . C o- o r d i n at i on 
o f  t h i s  u l t r as t ru c t ur e  work w i t h  i n fe c t i v i t y  o f  var i ous · 
s p o r e  t y p e s  i n  c on t r o l l ed gr eenhouse exp e r i men t s  c ou l d  
r e v e a l a m o r e  c omp l e t e  p i c tu r e  o f  t h e  fun ga l l i fe cyc l e . 
The l ack o f  p athoge n i c  s tud i e s o n  n a t i ve l e gume s  
p r ov i de s  o p po r tun i t i e s t o  s tudy un ique h o s t-p a t ho gen 
s ys t ems . The d i s c ov e ry o f  as y e t  un r e p o r t e d p a t h o ge n s  on 
n a t i ve l e gu•e s i s  a l s o  a real "po s s i b i l i t y" fo r fu t u r e  
r e s e a r c h . 
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F i gure 1 .  C r o s s  s e c t i on o f  a aes ophy l l  ce l l  o f  . g!I£I rtb!!� 
!�2igQ�� · The c e l l  c o n t a i n s s e v e r a l  l e n s e-s hap e d  
c h l o r op l as t s , a n umb e r  o f  a i t ochondr i a ,  an d a 
n u c l eus c o n t a i n i n g  a nuc l e o lus . No t e  t he 
a r r owhe a d  p o i n t i n g  a t  a p l as•odes•at a conn e c t i n g  
t w o  l eaf a e s ophy l l c e l l s . 
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F i gu re 2 .  C r o s s  sec t i on o f  leaf mes ophy l l  ce l l s  � f  
gl�£���b!� � and a p o r t i o n o f  a n  i n te r ce l lu l ar 
hypha ( ICH) o f  YrQ��£�! · T he , l ar ge cen t r a l  v ac u o le o f  t he lea f ee l c on t a i n s  a dark t an n i n  
i n c l us i o n  a n d  the o pen ar row i n d i c a tes a sma l ler 
v a cuo le wh i ch a l s o  c on t a i n s  t ann i n . · No te t he · 
c l o sed a r r ow po i n t i n g  t o  an amorphous sub s t an ce 
between th� mes o phy l l  ce l l an d the IC H .  
1.o.,.n 
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F i gu r e  3 .  An e n l ar geme n t  o f  a s ec t i on o f  l e a f  m e s o p hy l l 
c e l l s c o n t a i n i n g  c h l o r o p l as t s w i t h  s ho r t  
s t ac k ed g r a n a  an d n um e r ous r i b q s om e s  
s u r r o und i n g  m i t o c h o n d r i a .  
O.St�m 
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F i gu r e  4 .  An e n l a r g em e n t o f  a s ec t i on of a l ea f  mes ophyl l 
c e l l  show i n g  a ch l o r o p l as t , w i t h n um e r ous g r ana , 
s u r r ou n d e d  b y  a b i l ay e r  m emb r an � . The ele c t r on 
l uc en t  a r e a s  b e t ween g r a n a  s t acks may b e  t h e  
l o c a t i on o f  c h l o r op l as t  D NA . T h e  n uc l eus , 
de l i m i t e� b y  t h e n ucle a r  e n v elope ( ar r owhe ad) 
c on t a i n s  a l ar ge n u c l e olus . 
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F i gu r e  5 .  C r o s s  s ec t i on o f  a t an n i n  c e l l  s u r rounded b y  l e a f  
ae s ophy l l c e l l a . N o t e  t ha t  t he v acuo l e  in t he 
c e l l i n  t he l owe r r i gh t  i s  b e g i n n i n g  t o  
a c c u•u l a t e  t an n i n . 
l.OtJm 
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F i gu r e  6 .  E n l a r gemen t o f  a g!�£�rrg!�� t an n i n  c e l l w i t h  
i t s vacuo l e  f i l l ed a lm o s t e n t i r e l y  b y  t an n i n . 
No t e  t he ho s t  • i t o c hon dr i o n c l o s e l y  app re s s e d 
t o  t he c e l l wa l l  w i t h  v e ry l i t t l e  cyt op l a sm 





3 8  
F i gu r e  7 .  U l t r a s t ruc t u r e  o f  g !�£���b!! �  v a s cu l ar 
p a r e n chyma c e l l s . The c en t r a l  c e l l  c on t a i n s  
•any s•a l l e r  v ac u o l e s , v e r y  few p las t i ds a n d  
t h r e e  e x amp l es o f  i nv ag i n at e d  hos t  
p l asaa l e•• ' · 
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F i gu r e  8 .  U l t r as t ru c t u r e  o f  g !�£��rb!�! v a s c u l ar s ys t em 
con t a i n i n g  t wo m a t u r e  x y l em t r ac h i ed c e l l s , an 
imm a t u r e  x y l ea t r a c h i e d  c e l l  ( s t a r ) , and xy l em 
p a r en chyma c e l l s . The • i c r o gr ap a l s o  c o n t a i n s  
ex aap l e s o f  rus t i n t e r c e l l u l a r hypha a n d  a rus t 
haus t o r i um l o c a t e d  w i t h i n  a v as cu l ar p a r e n c hyma 
c e l l .  













F i gu r e  9 .  V as cu l ar t i s s ue o f  g !�£�rrh!�� w i t h  a matu r e  
x y l e• t ra c h i e d c e l l  ad j ac en t  t o  an 'i •m a t u r e  x y l em 
t r ach i e d c e l l  ( s t ar ) . No t e  the s i m i l a r s e c o n da ry 
w a l l t h i c k e n i n g  i n  b o t h  c e l l s an d t h e  den s e  
cyt op l as•a , c o n t a i n i n g  nu•e r o ua • i t o chon d r i a , 
i n  t he i mm a t u r e  x y l em c e l l .  

� -
4 1  
F i gu r e  10 . U l t r as t ru c t u r e  o f  2!�£��rbi�� v a s cu l a r t i s s ue 
s h ow i n g  t w o  m a t u r e x y l em t r ac h i ed ce l l s an d 
xy l e� p a r e n c hy•a c e l l s c on t a i n i n g  vacuo l e s w i t h 
t an n i n  i n c l us i o n s . No t e  t he m i c r ob o d i es and 
a i t ochondr i a  i n  t he c e l l  a d j a c e n t  t o  one x y l em 
p a r e n chyma c e l l  ( l owe r r i gh t ) .  
X 
l.O .. m 
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F i gu r e  11 . C ro s s  s e c t i on o f  an A- t yp e  t rans fe r  c e l l 
l oc a t ed i n  t he v ascu l a r t i s s ue o f  a m i n o r  l e a f  
v e i n. No t e  t he d en s e  c e l l u l ar cyt op l asm 
c on t a i n i n g  c l o s e l y  p a c k e d  c l us t e rs o r i b o s omes 
and n um e r ou s  • i t o c h o n d r i a  s ur r oun d i n g  the c e l l  
wa l l  p r o t r ub e r an c e s  ( s t ar s) . 
o.s.,m 
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F i gu r e  12 . C r o s s  s e c t i on o f  a rus t hypha b e t w e e n  t w o  
g!�£����!! � •e s o p hy l l c e l l s . Ob s e r v e  t he 
d i k aryot i c  n a t u r e  o f  t he hypha and c omp a r e  
fun ga l a n d  hos t m i t ochon d r i a ,  v acuo l e s , wa l l s , 
an d p l as • a l e••as . T an n i n  i n c l us i on s  are l o c at ed 
i n  t he hos t ' s  v acuo l e .  The ho s t  r i b o s omes app e a r  
s ca t t e r e d , b ut many p o l yr i b o s o•es a r e  ev i d en t i n  
t he fun ga l c y t o p l as • . 
l.Ot�m 
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F i gu r e  13 . U l t r as t r uc t u r e  o f  an i n t e r c e l l u l ar hypha 
c o n t a i n i n g  a au l t i t ude of r i b o s oa e s  an d 
s e v e r a l  • i t o chond r i a . 
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F i gu r e  14 . U l t r as t r uc t u r e  o f  t wo i n t e r c e l l u l a r hyphae 
b e tween g! �����bi �� l ea f  aes ophy l l c e l l s . The 
upp e r  hypha c on t a i n s  a s ep t u• an d two ex amp l e s 
o f  i n vag i n a t e d  fun ga l p l as a a l eaaa ( I FP ) . The 
ar r owhe ad p o i n t s  t o  the c o n n e c t i on b e tween t h e  
I FP an d t he p l as aa l em• a . The a r r ow i n d i c at e s a n  
a•o rphous s ub s t an c e  ob s e r v e d  b etween ho s t  c e l l s  
an d fun g a l  hyphae wh i c h  may act as an adhes i v e . 
H V  
� - 0.51"" 
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F i gu r e  15A . 
F i gu r e  158 . 
C r o s s s ec t i on o f  two s e gm en t s  o f  
i n t e r c e l l u l a r hyphae . O n e  s e gmen t c o n t a i n s  
a s ep t um and t h e  o t h e r  con t a i n s  a nuc l eus 
and nuc l e o l us . The s t a r  i s  l o cat ed on a 
s ec o n d a r y  w a l l t h i ck en i n g . 
. ' 
U l t ras t r uc t u r e  o f  mu l t i p l e  haus t o r i a  w i t h i n  
a s i n g l e  ho s t  c e l l .  H aus t o r i a  a r e  
sur rounded b y  an e x t r ahaus t o r i a l  mat r i x  
wh i c h  i s  b o un d b y  t he e x t r ahaus t o r i a l  s h e at h .  
T he o p e n a r r ow i s  p o i n t i n g  t o  a p l asmode sma t a  
and t h e  s t ar i s  s i t ua t e d  o n  a s ec on da r y  w a l l 
t h i c k en i n g  t h a t  aay i n d i c a t e  a hos t t r a n s fe r 
c e l l . 

47 
F i gu r e  16 . E ar l y  s t ag e s  o f  h o s t c e l l p e n e t r at i on b y  t he 
h aus t o r i a !  ao t he r  c e l l  wh i c h  has b ee n  s e p a r a t e d  
f r o•. t h e  i n t e r c e l l u l ar hypha b y  a s e p t um .  T h e  
s t a r i s  l o c a t ed on a s t ar c h  g r a i n  w i t h i n  a h o s t  
c h l o r op l as t . 
to.,.m · 
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F i gu r e  17 . E n l a r g emen t o f  haus t o r i a !  m o t he r  ce l l  ( HMC ) 
d i s t en d i n g  t he ho s t  c e l l  w a l l t o  f o rm t he 
c o l l ar dur i n g  t h e  p en e t r at i on p r o c e s s . No t e  
t he i n v ag i n a t e d fun ga l p l as • a l e•ma w i t h i n  t h e  




F i gu r e  18 . S u c c es s fu l  p en e t r a t i on o f  a hos t c e l l  an d 
fo r•a t i on o f  a haus t o r i u• b y  t h e  haus t o r i a !  
•o t h e r  c e l l  ( HMC ) . The fun g a l  nuc l eus p a s s e d  
t h r o ugh t he pen e t r a t i o n p o r e  fro• t he HMC and 
• i gr a t e d i n t o  t he haus t o r i a ! n e c k  an d haus t o r i um .  
1 .01-'m 
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F i gu r e  19 . E n l a r ge•e n t o f  a c e l l p e n e t r a t i on s i t e  show i n g  
de t a i l s  o f  a haus t o r i a !  mo t he r  c e l l and 
haus t o r i a ! n e c k . N o t e  t he c o l l a r r e g i on n e a r  the 
p e n e t r a t i o n  and t he e x t r ahaus t o r i a l  sheath wh i ch 
s u r r ounds and de l i• i t s h au s t o r i a !  c on t ac t  w i t h  
ho s t  cyt op l as a . 
o.s,.m 
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F i gu r e  20 . U l t r as t ru c t u r e  o f  a h o s t  c e l l  c on t a i n i n g  a 
haus t o r i ua and p a r t  o f  a haus t o r i a !  n ec k . The 
ac t u a l  p e n e t r a t i o n s i t e  a n d  haus t o r i a !  • o t h e r  
c e l l  a r e  out  o f  t he p l an e  o f  s e c t i o n i n g and a l l  
t han c an b e  ob s e rv e d  he r e  i s  t he haus t o r i a !  n e ck 
an d t he c o l l a r wh i c h s u r r o un ds i t . 
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F i gu r e  2 1 . M u l t i p l e  haus t o r i a  w i t h i n  a hos t c e l l .  The 
haus t o r i a  vary w i t h  r e s p e c t to shap e , . b ut a l l a r e  
s u r r oun ded b y  an ex t r ahaus t o r i a l  s h e a t h  and mo s t  
hav e nume r o us r i b o s o• e s  and m i t o cho ndr i a  v i s i b l e .  
No t e  the p r e s e� c e  o f  l i p i d  g l ob u l e s  ( s t a r ) w i t h i n  
a hos t a i t o c h o n d r i o n . 
,.· 
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F i gu r e  2 2 . D i k aryot i c  f un ga l  huas t or i ua con t a i n i ng 
n ua e r o us r i b o s om e s  a n d  m i t o chondr i a  i s  
l o c a t ed w i t h i n  t h e  h o s t c e l l  n e a r  a v acuo l e  
c o n t a i n i n g  t an n i n  i n c l ua i o n s . 
O.Spm 
